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Spontaneous herpes simplex virus infection in common marmosets (Callithrix: jacchus)
Carles Juan-Sallés, José Antonio Ramos-Vara, Neus Prats, Josep Solé-Nicolás, Joaquim Segalés, Alberto Jesús Marco
One of the better known human-to-nonhuman primate transmissible viruses is herpes simplex virus (HSV). In Old World primates, natural HSV infection has been described in gorillas (Gorilla gorilla), 2,4,14 chimpanzees (Pan troglodytes) and bonobos (Pan paniscus), 6 and white-handed gibbons (Hylobates lar). 3, 12, 15 In these species, the virus-host relationship seems to be comparable to that of humans. HSV is a major concern in New World monkeys and prosimians be-cause the case-fatality ratio seems to be higher in these species. 1, 9 Only 1 case of natural HSV infection has been reported in callitrichids. 7, 11 This report includes clinicopathologic data and PCR results of HSV and HSV-like infections in common marmosets (Callithrix jacchus).
Four young pet marmosets with a history of a herpes-like disease were included in this study. Marmoset Nos. 1 and 4 were unrelated and separately owned, but Nos. 2 and 3 were twins and were kept by a single owner. Tissues taken at necropsy were fixed in 10% buffered formalin for routine histopathologic studies. Frozen skin and a separate tissue pool of brain, liver, spleen, kidney, and lung (marmoset No. l), paraffin-embedded brain (marmoset No. 2), and separate frozen sections of brain, liver, spleen, and kidney (marmoset No. 4) were screened for the presence of human herpesviruses (HHV) by a multiplex nested polymerase chain reaction (PCR) test as previously described. 17 For marmoset No. 2, negative controls included 3 paraffin sections free of tissue from the same tested block. The first amplification product is 194 base pair (bp) for all the tested HHV. Nested PCR produces fragments of different sizes for each tested HHV, and the HSVspecific amplicon is 120 bp.
Marmoset No. 1 had a 4-day history of vesicular to ulcerative dermatitis and stomatitis, serous nasal and ocular discharges, anorexia, and depression. Its owner had a herpes labialis-like illness a few days before. At necropsy, the marmoset had a 2 x 1-cm cutaneous ulcer covered by a thick fibrinonecrotic exudate on the ventral abdomen ( Fig. 1) . A similar lesion, 2 mm in diameter, was also seen on the lower lip at the mucocutaneous junction. The tongue had a 3-mmdeep ulcer (Fig. 2) . The oronasal skin, eyelids, and lips were erythematous and had small coalescing erosions and ulcers. No internal lesions were seen except a mild splenomegaly. Microscopically, the tongue, eyelid, lip, and skin lesions were similar and consisted of full thickness coagulative epithelial necrosis with fibrin deposition and ballooning and hydropic degeneration. Subcorneal pustules with acantholytic cells (Fig.  3) were prominent, mainly in the eyelids and abdominal skin. Associated with these lesions, there were mild to moderate perivascular to diffuse superficial infiltrates of neutrophils, plasma cells, and lymphocytes ( Fig. 3) and necrosis of sebaceous glands and hair follicles with mild periadnexal mixed inflammation. Occasional eosinophilic intranuclear inclusion bodies were seen in keratinocytes in the margins of the ulcers. There was mononuclear perivascular cuffing with associated small aggregates to diffuse infiltration of lymphocytes, macrophages, glial cells, and some neutrophils, and neuronophagia was found throughout the brain, especially in the frontal cortex but also in the temporal lobes and hy-Animal Nos. 2 and 3 were twin 4-month-old male marpothalamus. There was a moderate nonsuppurative menin-mosets with a 3-day history of depression, anorexia, and oral gitis and infiltrates of neutrophils in the choroid plexuses. ulcers. At necropsy, they had multifocal fibrinoulcerative sto-Moderate infiltrates of lymphocytes and plasma cells were matitis. Histologic examination was not done for marmoset present at the zona fasciculata of the adrenal glands. A 120-No. 3 because of autolysis. The tongue of marmoset No. 2 bp PCR product was obtained from both tested samples.
had severe coagulative epithelial necrosis with underlying superficial moderate mixed infiltrates, mainly of neutrophils. In the brain, there was mononuclear perivascular cuffing, multifocal gliosis, and neuronophagia especially in the temporal lobes but also in the hypothalamus, thalamus, medulla oblongata, and cerebellar white matter and around the third ventricle. Numerous intranuclear inclusion bodies of 2 types were present in neurons and glial cells; some of them were eosinophilic and surrounded by a clear halo, and others consisted of basophilic inclusions, which filled the nucleus. Two PCR products, 120 bp and 194 bp, were obtained from marmoset No. 2 (Fig. 4) . The presence of these 2 bands is common in samples with high DNA contents.
Marmoset No. 4, an 8-month-old male, had a history of seizures and a previous scrotal ulcer. No gross lesion was seen. The brain had a severe multifocal to diffuse nonsuppurative inflammation, gliosis, and perivascular cuffing mainly in the temporal lobes and hypothalamus and around the third and lateral ventricles in the brain (Fig. 5) but also in the frontal lobes, thalamus, and medulla oblongata. Areas of malacia, extensive hemorrhage, neuronophagia, and demyelinization were striking findings in the temporal lobes; these areas were infiltrated with neutrophils. Inclusion bodies similar to those of marmoset No. 2 were associated with these lesions. A mild lymphoplasmacytic meningitis was also seen. A 194-bp PCR product was obtained from the brain. Serial dilutions ( 1:2, 1:5, 1:10) of the samples and first amplification were used to avoid the possibility of an inhibition in the nested PCR due to an excess of DNA, and the results were the same.
According to the PCR results, HSV or a closely related herpesvirus was present in tissues of marmoset Nos. 1 and 2. Both animals had lesions similar to those induced by neurotropic herpesviruses in primates. Marmoset No. 3 was most likely infected by the same virus as its twin (No. 2) because it had similar clinical signs and gross findings. The PCR results in marmoset No. 4 suggest the presence of herpesvirus in the brain because the DNA target is the sequence of the herpesviral DNA polymerase gene. 17 To further assess the specificity of the PCR products, sequencing and restriction enzyme studies were carried out at the Instituto de Salud Carlos III, Majadahonda, Spain (data not shown). These tests confirmed that marmoset No. 1 had HSV infection, whereas marmoset No. 4 was infected with a herpesvirus different from those screened by this PCR test. These studies were not done on marmoset No. 2. These results suggest that this PCR test may be able to differentiate HSV from other herpesviruses that induce similar diseases in common marmosets. However, comprehensive studies on a significant number of animals with validation of PCR results by appropriate assays and PCR testing of all known simian herpesviruses will provide definitive evidence of the usefulness of this PCR test for the diagnosis of HHV infections in primates. This is the first clinicopathologic description of spontaneous herpes simplex in common marmosets or any other callitrichid species. Severe herpes-like encephalitis as seen in marmoset No. 4 had not been previously described in callitrichids. 1l The only herpesvirus known to spontaneously induce encephalitis in callitrichids is Herpesvirus tamarinus (HVT). 11 Although HVT and HSV infections are similar in callitrichids and owl monkeys (Aotus trivirgatus), 11 encephalitis could be a prominent finding only in HSV-infected animals. 1, 11 However, encephalitis can also be seen in HVTinfected callitrichids and owl monkeys. 11, 16 The only recognized natural host for HVT is the squirrel monkey (Saimiri sciureus), 1 but there may be HVT-carrier callitrichids; 7 thus, HVT cannot be ruled out as the agent promoting herpesviral infections in callitrichids even when there is no evidence for contact with squirrel monkeys.
Although a complete set of tissues was not available from each marmoset, necrotizing lesions in internal organs and syncytia, which are commonly found in herpesvirus infections in primates, 4, 9, 16 were not seen in these marmosets.
Susceptibility to HSV seems to vary among different species of primates. Callitrichids may be highly susceptible. Therefore, their contact with symptomatically and subclinically HSV-infected human beings should always be avoided, which is supported by the case history of marmoset No. 1. In other New World primates, such as the owl monkey 1 and the white-faced saki (Pithecia pithecia), 9 HSV can pose a serious risk, because the case-fatality ratio seems to be high in these species. A similar assumption might be made for prosimians because fatal outbreaks have been documented in ring-tailed lemurs (Lemur catta), pottos (Perodicticus potto), and common tree shrews (Tupaia glis). 10 Squirrel and rhesus monkeys (Macaca mulatta), which are known to harbor herpesviruses closely related to HSV (HVT and B virus, respectively), 5 appear to be resistant to experimental genital herpes simplex. 8 PCR techniques are useful for the rapid diagnosis of B virus infection both in macaques (Macaca) and humans, therefore allowing early antiviral therapy in infected humans, which is essential for survival. 13 For primates susceptible to HSV, mainly the species involved in captive breeding programs, the PCR test used in this study could be as important as PCR for detecting B virus in humans. Furthermore, if HSV latency in surviving primates and animal-to-anima1 transmission occur, then HSV should be included as a health care concern in reintroduction programs for susceptible primates.
